Objective: To describe the clinical characteristics, course, and prognosis of optic neuritis in recurrent neuromyelitis optica.
T HE FIRST DESCRIPTION OF BIlateral amaurosis associated with subacute myelitis and a fatal course was provided by Eugène Devic at the end of the 19th century in Lyon, France. 1 For more than a century, these clinical parameters were the basis for the diagnosis of a rare neurological disease restricted to the optic nerve and spinal cord, called neuromyelitis optica (NMO) or Devic disease. 2 At present, this condition is classified as an idiopathic inflammatory demyelinating disease of the central nervous system (CNS). 3 Based on case studies published in different countries within the last decade, 4-8 a relapsing type of NMO (RNMO) was identified. It is clinically characterized by 2 index events (optic neuritis [ON] and transverse myelitis [TM]) separated by an interval of days, weeks, months, and even years, with variable remission followed by new clinical events restricted to the optic nerve and spinal cord. 5. In 1999, Wingerchuk et al 5 from the Mayo Clinic proposed diagnostic criteria for NMO with the aim of differentiating between this condition and multiple sclerosis (MS), the most common demyelinating disorder with a relapsing-remitting clinical course. Magnetic resonance imaging (MRI) of the brain and spinal cord as well as cerebral spinal fluid (CSF) analysis were the complementary methods indicated for laboratory support. IgG oligoclonal bands in CSF and multiple brain MRI lesions that are typical in MS are uncommon in NMO.
Monophasic NMO often occurs after infections or vaccinations. 5, 6 Relapsing NMO is an immunomediated disease that especially involves humoral mechanisms. 9, 10 Identification of an NMO-specific IgG antibody in the sera of patients with NMO 11 brought new support for the hypothesis that RNMO is distinct from MS, despite its recurrent clinical course.
In this article, we will describe the clinical course of ON in a series of patients with RNMO from the Hospital da Lagoa, a referral center for the treatment of demyelinating disorders in Rio de Janeiro, Brazil.
METHODS
Eighty-two cases of ON and TM were identified from a group of 640 cases of demyelinating disease of the CNS. The cohort was followed up
For editorial comment see page 128
Author 12 ) and medical files, we extracted clinical data and complementary examination results (MRI of the brain and spinal cord and CSF analysis) in order to apply the 1999 Mayo Clinic diagnostic criteria for NMO, which require the presence of all absolute criteria and 1 major supportive criterion or 2 minor supportive criteria. 5 By case definition, NMO with recurrent clinical course is clinically characterized by 2 index events (ON and TM) with variable remission followed by new clinical events restricted to the optic nerve and spinal cord. Twenty-two cases were excluded, 8 of them because of monophasic course. All patients had their visual function evaluated by measuring visual acuity (corrected) using the Snellen card. Testing of the optic fundi, direct and consensual pupillary reflexes, and visual evoked potentials as well as a routine ophthalmological examination and manual campimetric test were done. An ordinal scale 5 devised to quantify optic nerve impairment in patients with NMO ( Table 1) was applied. We classified the visual impairment into 3 categories: severe (visual loss Ն80%), moderate (visual loss 79%-35%), and mild (visual loss Յ34%), according to the percentage of visual loss efficiency for distance (20 ft) in correspondence to Snellen notations (American Medical Association standards). 13 An ambidirectional cohort study was conducted based on the analysis of the clinical course of ON in patients with RNMO. The results of the categorical variable analysis were presented as percentages and those concerning the continual variables were presented as averages, followed by the minimum and maximum values. The percentages reflect valid numbers that are a product of the exclusion of the missing values. The statistical significance of the differences observed between the dichotomous variables was analyzed using Pearson or Fisher 2 tests, as indicated. The analysis of the progression time frame of the disease as well as the survival time frame was done with the help of Kaplan-Meier curves. We considered all P valuesϽ.05 as statistically significant. The information was analyzed using SPSS for Windows (version 14.01; SPSS Inc, Chicago, Illinois).
The research project was approved by the Ethics and Research Committee of the Hospital Universitário Gafrée e Guinle, Universidade Federal do Estado do Rio de Janeiro.
RESULTS
We selected for this study 60 patients with relapses after the index events (ON and TM) that fulfilled the diagnostic cri-teria. Table 2 elucidates the frequency of absolute, major, and minor supportive criteria presented in this series.
Epidemiological and clinical characteristics of the patients are presented in Table 3 . The female-male ratio was 9:1 and 58.3% were of Afro Brazilian ethnicity (black and mixed race). Most of these patients (63%) sought the Hospital da Lagoa by spontaneous demand or by referral from other medical services; 30% of patients were originally seen in private practices by neurologists belonging to the Hospital da Lagoa team and were invited to participate in the study, while the other 7% came from other states in search of a definitive diagnosis for their condition.
Isolated ON was the initial feature in 32 patients, of whom 11 had 2 or more visual events before conversion to NMO. Demographic and clinical characteristics of patients with a single visual event at onset (n=11) were indistinguishable from those with recurrent ON (n=21) except for the median age at onset (isolated ON, 25 years; recurrent ON, 35 years) and a shorter median interval between the first visual event and the occurrence of myelitis (isolated ON, 8 months; recurrent ON, 34 months) (data not shown).
In the most severe phase of the visual index event, 65% of patients showed signs of unilateral visual damage and 35% showed signs of bilateral damage. There was severe loss of vision (visual acuity Յ 20/200) in at least 1 eye in 78.3% of patients, followed by spontaneous remission or remission through the use of corticosteroids. However, severe visual deficits remained in 35% of patients. Figure 1 shows the evaluation of visual impairment conducted at the nadir and at the best recovery of the visual index event and at the last follow-up according to an or- 12 b Spinal cord MRI showed multiple lesions in fewer than 3 vertebral segments in 4 patients (7.4%) and 1 lesion in fewer than 3 vertebral segments in 1 patient (1.8%) and was normal in 2 patients (3.7%) after intravenous methylprednisolone treatment.
dinal scale (Table 1) . 5 At the last follow-up, 50 patients showed signs of visual impairment (18 unilateral and 32 bilateral) and the following scores were identified: score 0 (normal vision) in 16.7% of patients; score 1 in 5.0%; score 2 in 8.3%; score 3 in 6.7%; score 4 in 13.3%; score 5 in 6.7%; score 6 in 20.0%; and score 7 in 23.3%. The median score for the classification of the visual deficit was 7 in the most severe phase of the index event, 2 in the remission phase, and 4 in the last follow-up.
When we compared the rates of severe visual dysfunction (loss of vision Ն80%) observed in the most severe phase of the index event (78.3%) and in the remission phase (35.0%), a statistically significant difference was observed (PϽ.001). However, when we compared the difference between the rate of severe visual dysfunction in the most severe phase of the index event (78.3%) and the final evaluation (63.3%), we did not get a statistically significant value (P=.07). Furthermore, ocular pain was mentioned in the clinical histories of 27% of patients.
The median disease duration at the last follow-up was 8 years (6 months-30 years). The median number of events per patient was 5 (range, 3-18 per patient). Acute TM was the most common event (58.7%), followed by visual events (31.0%) and optical spinal syndromes occurring in the same day (10.3%), as shown in Table 3 .
Concerning the evolution of the visual impairment, the median time for the occurrence of 80% or more visual loss in 1 eye (visual score=4), observed in 37 patients (61.7%), was 0.08 years (1 month), varying between 0.008 (1 day) and 26 years; complete loss of vision (score Ն6) in both eyes was observed in 22 patients (36.7%) and occurred in a median of 2.0 years, varying between 0.25 (3 months) and 30 years (Figure 2) . The occurrence of 80% or more visual loss in 1 eye (white Brazilian patients, 40.0% vs Afro Brazilian patients, 77.1%; P=.004) and in both eyes (16.0% vs 72.0%, respectively; P=.004) were statistically different according to race.
Finally, there were 14 deaths (23.3%), and the median survival was 8 years (range, 1-30 years). The cause of death was directly related to cervical spinal cord damage with tetraplegia and respiratory failure in 13 patients (92.9%). Of the 14 patients whose course ended in death, 12 were Afro Brazilian and 2 were white. These numbers lead to a 34.3% mortality rate among Afro Brazilian patients and 8.0% among white Brazilian patients, a difference that is statistically significant (P=.02).
COMMENT
The diagnosis of idiopathic ON, as well as all the inflammatory demyelinating syndromes, depends on the exclusion of vascular, infectious, degenerative, metabolic, and tumoral diseases. 15 In some patients, ON manifests by a single episode (monophasic ON) or develops into outbreaks and remissions (recurrent ON), but it could also be the onset manifestation of MS or the index event of NMO. 3 In 1991, the Optic Neuritis Treatment Trial 16 presented the results of its analysis of the clinical profile of demyelinating ON in 448 American patients (77.2%, female; 85%, white). The acute phase was characterized by alteration of visual acuity (85.9%) and ocular pain (92.2%). The median visual acuity was 20/60 and severe visual loss (Ն 20/200) occurred in only 35.9% of cases. One-third of the patients developed MS.
Phillips et al 17 compared clinical characteristics of demyelinating ON in black and white patients seen between 1989 and 1996 in the United States. They concluded that visual acuity was more severely affected in African American individuals, both in the initial phase of the disease and in the period 1 year later. Furthermore, the African American individuals with initial-phase ON that evolved into demyelinating disease most often developed NMO.
The natural history to recurrent ON was described by Pirko et al 18 in a series of 72 patients. The 5-year conversion rate to NMO was 12.5% and to MS was 14.4%. The comparison among clinical and demographical characteristics of nonconverters (40 of 72), converters to NMO (8 of 72), and converters to MS (20 of 72) showed in the NMO group a high female-male ratio (7:1) and the greatest final visual impairment.
Herein, the spectrum and natural history of ON in relapsing NMO was described from a longitudinal analysis of a large series of patients from Rio de Janeiro. Most of the patients were female and Afro Brazilian. Development of the disease occurred between 30 and 40 years of age. Severe isolated unilateral ON was the initial mani- festation of the disease in most of the patients. Few patients had recurrent visual events before conversion to NMO. As is characteristic of the natural course of inflammatory CNS disease, a high rate of remission took place spontaneously or after the use of corticosteroids following the first optic event. However, two-thirds of the patients developed severe unilateral visual impairment after a short period of disease, one-third had bilateral amaurosis in a median time of 2 years, and most patients had severe visual damage in at least 1 eye at the last follow-up, thereby confirming the high morbidity of ON. Considering the ethnic characteristics of the population, ON morbidity and mortality were significantly greater in Afro Brazilian patients. We found a low frequency of ocular pain (27%) in the medical records. However, most of the patients with retrobulbar neuritis had retro-orbital pain or ocular pain related to eye movement. 19 Reviewing 8 case studies of patients with ON published between 1904 and 1994, Volpe 20 found a prevalence of ocular pain that varied between 33% and 92%. In 2005, Agostoni et al 19 called attention to the difficulty of evaluating pain in patients with ON. They said that in clinical practice, ON is diagnosed mostly by ophthalmologists and less frequently by neurologists. They emphasize that although pain is "the bedrock" of this diagnosis, it is often neglected by patients and by physicians. One limitation of the present study is that most of the information obtained concerning the initial events was done retrospectively. It is clear from the clinical descriptions that the attention of both the specialists and the patients was directed toward the loss of vision, with no emphasis on ocular pain, which may explain its low prevalence in this case study (27%).
Optic neuritis as a clinical event of NMO has been previously analyzed in other case studies. 4 The recurrent type of NMO, clinically characterized by ON and TM followed by new clinical events restricted to the optic nerve and spinal cord, has been clearly recognized as distinct from MS in the last decade. 5 Wingerchuk et al 5 analyzed 71 patients, 23 with monophasic-type disease and 48 with recurrent-type disease, who were seen between 1951 and 1992 and clearly distinguished the clinical course and outcome of the 2 subtypes. Based on the analysis of the clinical data and laboratory information, they proposed absolute and supporting criteria for the diagnosis, which were used in this study. These criteria were validated in a study of Brazilian patients published in 2005 21 where it was shown that 85% of patients with NMO seen in Rio de Janeiro fulfilled the Mayo Clinic criteria, despite the ethnic differences. Of the 71 Rochester, Minnesota, cases, only 6 (8.4%) were nonwhite, while 28 of the 54 patients (51.8%) from Rio de Janeiro were Afro Brazilian. Most of the patients in both case studies 5,21 had normal brain MRI results at onset, extensive inflammatory lesions in the spinal cord, and, from a clinical point of view, severe visual and motor damage, as well as a high prevalence of bilateral visual impairment. These epidemiological, clinical, and laboratory data distinguish RNMO from MS.
Recently, Wingerchuk et al 22 proposed a revision to improve the diagnostic properties of NMO criteria. They removed the absolute restriction on CNS involvement beyond the optic nerves and spinal cord and incorporated the NMO-IgG biomarker. One limitation of the present study is that patients with RNMO were not evaluated with serological tests because the cohort predated the availability of these tests.
We found a high frequency of women (90%) and Afro Brazilian patients (58.3%). One of the characteristics associated with RNMO is female sex (91%, 4 83%, 5 90%, 6 76%, 7 and 80% 8 ). The syndrome also is more frequent in nonwhite individuals, 22 particularly Asian 23 and African 17 populations. As opposed to MS, which has high prevalence rates in white individuals living in the Northern hemisphere, NMO is a rare syndrome in these regions, constituting less than 1% of demyelinating disease. 24 The frequency of selective and severe involvement of the optic nerve and spinal cord (optic spinal Asian MS) in Japan is 15% to 40%. 23 Data from a national study ( South Atlantic Project, 1997) showed that 14% of the patients with MS living in Rio de Janeiro, in fact, had NMO syndrome. 25 Considering the high rates of mortality and morbidity of NMO, all therapeutic efforts should be considered as possible treatments during the acute phase of ON or TM and as prevention of severe events. 
